Organic photovoltaic cells (OPVs) have attracted more and more attention due to its highly potential application to solve the energy crisis considering its advantages, such as low cost and ease of large area production. The power conversion efficiency (PCE) of OPVs has undergone a more than nine-fold increase from ~1.0% by Tang in 1986 to 9.2% in 2010 announced by Mitsubishi Chemical. The major challenges of obtaining high efficiency OPVs are the synthesis of new narrow band gap materials, controlling molecular arrangement, designing novel configuration cells for better photon harvesting in the active layer. In the article, we summarized the recent progress of novel narrow band gap photovoltaic materials and the effective methods to control the morphology of donor and acceptor in the blend films for high performance of OPVs. Solar light is the most important renewable and environmentally friendly energy, which can be converted into electrical energy in a photovoltaic cell. Silicon solar cells have high power conversion efficiency (PCE), long durability and the benefit of several decades of research and development. However, silicon metallurgy has a great impact on the environment and the input-output ratio of silicon solar cells is still low. These problems have prompted the seeking for alternative photovoltaic cells based on other inorganic semiconductors or organic materials. Recently, organic photovoltaic cells (OPVs) have attracted more and more attention as new energy source due to their light weight, ease of large scale manufacture, compatibility with flexible substrates, and the need of developing an inexpensive clean and sustainable renewable energy source to satisfy economic development and human living [1] [2] [3] [4] [5] . Great efforts have been devoted to the design and synthesis of new conjugated polymer donor and new fullerene derivative acceptor materials for the better matching with the solar light spectra. The main contribution of the photon harvesting in the OPVs should be attributed to the conjugated polymer donor, and the fullerene derivates just play a slight role in photon harvesting. From the side of organic semiconducting materials, the suitable band gap and high charge carrier mobility will determine the open circuit voltage (V oc ) and short circuit current (J sc ) of OPVs. The most straightforward way to reduce the band gap is simply by either raising the highest occupied molecular orbits (HOMO) or reducing the lowest unoccupied molecular orbits (LUMO) level of the polymer or by compressing the two levels closer simultaneously. The energy level of accepter material should be taken into account for the higher PCE. It is known that V oc is determined by the energy levels difference between the HOMO of the electron donor and the LUMO of electron acceptor. So the lower HOMO energy level of an electron donor will benefit V oc , whereas reduction in a polymer's band gap by lifting up the HOMO level will inevitably result in a loss of V oc . On the other hand, the LUMO energy level of donor materials
Solar light is the most important renewable and environmentally friendly energy, which can be converted into electrical energy in a photovoltaic cell. Silicon solar cells have high power conversion efficiency (PCE), long durability and the benefit of several decades of research and development. However, silicon metallurgy has a great impact on the environment and the input-output ratio of silicon solar cells is still low. These problems have prompted the seeking for alternative photovoltaic cells based on other inorganic semiconductors or organic materials. Recently, organic photovoltaic cells (OPVs) have attracted more and more attention as new energy source due to their light weight, ease of large scale manufacture, compatibility with flexible substrates, and the need of developing an inexpensive clean and sustainable renewable energy source to satisfy economic development and human living [1] [2] [3] [4] [5] . Great efforts have been devoted to the design and synthesis of new conjugated polymer donor and new fullerene derivative acceptor materials for the better matching with the solar light spectra. The main contribution of the photon harvesting in the OPVs should be attributed to the conjugated polymer donor, and the fullerene derivates just play a slight role in photon harvesting. From the side of organic semiconducting materials, the suitable band gap and high charge carrier mobility will determine the open circuit voltage (V oc ) and short circuit current (J sc ) of OPVs. The most straightforward way to reduce the band gap is simply by either raising the highest occupied molecular orbits (HOMO) or reducing the lowest unoccupied molecular orbits (LUMO) level of the polymer or by compressing the two levels closer simultaneously. The energy level of accepter material should be taken into account for the higher PCE. It is known that V oc is determined by the energy levels difference between the HOMO of the electron donor and the LUMO of electron acceptor. So the lower HOMO energy level of an electron donor will benefit V oc , whereas reduction in a polymer's band gap by lifting up the HOMO level will inevitably result in a loss of V oc . On the other hand, the LUMO energy level of donor materials has to be at least 0.3 eV higher than that level of the fullerene derivatives to guarantee the formation of a downhill driving force for the charge carriers' separation and transfer [6] . So reduction in a polymer's band gap by pushing down the LUMO level will inevitably result in a loss of J sc , which is related to the charge carrier transfer and the absorption in the visible light range. The larger band gap of the donor will produce a relatively large V oc and relatively small J sc , the lower band gap of electron donor will result in a relatively large J sc and relatively small V oc . However, the product of J sc and V oc will determine the final performance of cells, making the balanced J sc and V oc showing a better performance. It is known that most polymer materials have a linear chemical structure with a large ratio of length to width. So the molecular arrangement will strongly influence its optical absorption and charge carrier transport. From the molecular engineering view, a series of research works on controlling the morphology of donors and acceptors have been carried out to optimize the exciton diffusion, dissociation and charge carrier transport in the bulk heterojunction OPVs, such as annealing treatment, electric field treatment, inserting interfacial buffer layer, glance angle deposition methods.
The conventional OPV cells' architecture was made of a single active bulk heterojunction layer or planner junction layers sandwiched by a high work function and transparent metal oxide as the bottom anode and a low work function metal as the top cathode. In order to widen the solar spectra response range, tandem configuration of OPVs was fabricated with two or more active layers made from different band gap materials for a better match with solar light [7, 8] . Recently, a kind of inverted configuration OPVs with low work function metals modified ITO as the transparent cathode and high work function metals as anode was proposed to improve the stability of the cell and avoid the cell's performance degradation induced by oxidation of metal cathodes under room conditions [9, 10] . In this article, we summarized the recent development of OPVs from two sides, novel narrow band gap materials and molecular engineering.
Organic photovoltaic materials

Electron donating semiconducting materials
The main losses of photo-electric conversion are the photon loss, exciton loss and charge carrier loss in the OPVs. These losses strongly depend on the materials' characteristics, including band gap, exciton diffusion length, and charge carrier mobility. Up to now, the performance of photovoltaic cells with these conjugated polymers is considerably limited by their relatively large band gaps, which result in the mismatch between the absorption spectrum of the active layer and the solar light spectrum, especially in the red and nearinfrared ranges. In order to further improve the PCE of the OPVs, many research works have been devoted to synthesis new materials or modify former ones aiming at a broader absorption, lower band gap, higher hole mobility, and more suitable electronic energy levels matched with the acceptor energy level for efficient excition separation. Therefore, the development of low band gap donor polymers is of crucial importance for increasing PCE of OPVs. Poly(3-hexylthiophene) (P3HT) has been extensively studied and results in a great improvement over the first widely studied material MEH-PPV. It has a good solubility, environmental stability, a relatively lower band-gap and higher absorption edge around 650 nm combined with a high hole mobility exceeding 0.1 cm 2 /Vs [11] . Hiorns et al. [12] synthesized a series of poly(3-hexylthiophene)s (P3HTs) and poly(3-butylthiophene)s (P3BTs) with predetermined molecular weights and varying polydispersities. It is interesting that their electrochemical band gaps were slightly decreased along with the increase of molecular weight. The results indicate that the polydispersities, molecular weights, and degrees of conjugation have an important impact on not only cell characteristics but also the most effective annealing temperature required.
Various band gap materials have been synthesized in order to better match with the solar light spectrum [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , which are summarized in Figure 1 . The detailed parameters of materials and OPVs' performance are listed in Table 1 . Among the novel electron donating materials, PCDTBT presents a great potential in the actual application due to its narrower band gap (1.83 eV) with the HOMO level at 5.15 eV and LUMO level at 3.32 eV, respectively. The lower HOMO of PCDTBT compared with P3HT (4.7 eV) leads to the increased V oc and better chemical stability. The PCE of OPVs based on PCDTBT: PCBM as the active layer is about 7%, with internal quantum efficiencies approaching 100% [14] [15] [16] . For the better photon harvesting in the active layer, PC 71 BM was selected to be the electron withdrawing material due to its relatively strong absorption in the visible light range. The 7.1% for PCE of PCDTBT/PC 71 BM as the active layer was achieved [18] . Due to the limited exciton diffusion in organic semiconductors, the typical P3HT:PCBM system needs to be annealed to form an interpenetrating network for the efficient excition separation at the donor/acceptor interface. However, Beiley et al. [19] found that OPVs based on PCDTBT as donor material have a relatively high performance without annealing treatment. This finding indicates that much more attention should be paid to clarify the relationship between performance of OPVs and the structural order in the active layer.
He and Liang [21, 27] developed a series of new semiconducting polymers based on alternating ester substitutes thieno [3,4-b] thiophene and benzodithiophene units. These polymers exhibit a synergistic combination of properties that lead to an excellent photovoltaic effect. Among them, PTB7 shows an excellent photovoltaic effect due to its strong absorption in the range from 550 to 700 nm corresponding to its HOMO (5.15 eV) and LUMO (3.31 eV) energy levels [21] . In this system, the exciton dissociation, the charge Figure 1 Chemical structures of typical electron donating materials [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . [26] transport in donor and acceptor networks, and the charge extraction in both organic/electrode interfaces are very close to 100%. These facts imply that the morphology of the blended films is close to the ideal donor and acceptor nanoscale interpenetrating network. He et al. [21] reported that simultaneous enhancement in the J sc , V oc , and FF was also demonstrated in PTB7:PC 71 BM OPVs when the poly [(9,9-bis(3′-(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2, 7-(9,9-dioctylfluorene)] (PFN) interlayer was incorporated as the electron selective layer. A PCE up to 8.37% for PTB7 as the electron donating material was obtained.
Electron withdrawing semiconducting materials
The most commonly used electron withdrawing materials are fullerene and fullerene derivatives, including C 60 , C 70 , [6, 6 ]-phenyl C 61 -butyric acid methyl ester (PC 60 BM) and [6, 6 ]-phenyl C 71 -butyric acid methyl ester (PC 71 BM) [28] . In 1992, Sariciftci et al. [29] firstly reported that C 60 could efficiently quench MEH-PPV emissions by photoinduced electron transfer from the excited state of a conducting polymer onto buckminsterfullerene, C 60 , and related phenomena are not limited to MEH-PPV. After that, different structures of fullerene and its derivatives with various energy level alignment were doped into the polymer for high efficiently photoinduced electron transfer from the excited state of organic semiconducting materials [30] [31] [32] [33] [34] [35] [36] [37] . These fullerene derivatives have many advantages in photovoltaic cells, including a deep-lying LUMO (~3.8-4.2 eV) for effective charge separation between the electron donor and acceptor, reversible reduction with ability to accept up to six electrons, ultra-fast three dimensional charge transfer, and high electron mobility.
As the heart of the OPV technology advantage is the ease of fabrication, which holds the promise of very low-cost manufacturing process. A simple choice is the solutionprocessed bulk heterojunction (BHJ) solar cell composed of electron-donating semiconducting polymers and electronwithdrawing fullerenes as active layers. The poor solubility of C 60 limits its application in polymer solar cells. To solve this problem, Schinazi et al. [31] synthesized a soluble derivative of C 60 , PCBM (1-(3-methoxycarbonyl)propyl-1-phenyl [6, 6 ] C 61 -butyric acid methyl ester) and applied it in OPV devices in 1993. This soluble fullerene derivative enabled the practical use of full solution process methods in preparing OPVs.
A series of fullerene derivatives with different diameter cage from C 70 to C 84 were used as electron acceptors in bulk heterojunction polymer-fullerene solar cells [32] [33] [34] [35] [36] [37] . These fullerene derivatives have many advantages in photovoltaic cells, including a deep-lying lowest unoccupied molecular orbital (LUMO, ~3.8-4.2 eV) for the effective charge separation between the electron donor and acceptor, reversible reduction with ability to accept up to six electrons, ultra-fast three dimensional charge transfer, and high electron mobility. Among them, PC 70 BM has strong absorption in the visible range, may compensate the absorption of many donor materials and significantly improve the performance of the devices [20] . Recently, He et al. [34] synthesized a series of new fullerene derivatives to enhance their absorption intensity in the visible light range, obtaining a significant improvement based on different kind of donor materials. What's more, some in-depth modification has been applied on the C 60 itself. Chen et al. [35] synthesized a series of open-cage fullerenes possessing suitable solubilizing functionality with a variety of frontier molecular orbital energy levels and carrier mobility as n-type materials. Their experimental results pointed out a new direction of effective electron acceptor materials. However, fullerene and its derivatives have poor photochemical stability in the air and their spherical geometry leads to morphological instability in blend films with linear polymers, especially the vertical phase separation. Although fullerene materials are still the main research direction, non-fullerene materials have shown some very special features and great potential till now. Ren et al. [38] synthesized non-fullerene acceptor to obtain high efficiency of OPVs by engineering the nanomorphology via processing additives. The chemical structures of typical electron withdrawing materials are summarized in Figure 2 .
Molecular arrangement engineering
One of the main challenges faced by the OPV community is Figure 2 Chemical structures of typical electron withdrawing materials [28, 30, 32, 35, 37, 38] . the synthesis of narrow band gap semiconducting materials which can harvest more photon from sunlight. On that basis, forming donor/acceptor bicontinuous interpenetrating network is the most important factor to obtain high performance OPVs by controlling inter-molecular arrangement or morphology. Optimal blend morphology should consist a giving rise to a large amount of D/A interfaces due to the limited exciton diffusion length of 10 nm, which is beneficial to the dissociation of photo-generated exciton. Meanwhile, the bicontinuous interpenetrating network could supply effective charge carrier transporting path to each individual electrode. Hence a delicate balance between phase separation and the continuous charge transport way is the key issue to obtain high efficiency OPVs. Material molecular arrangements and morphology strongly determine the performance of OPVs due to the characteristics dependence on the molecular arrangement, such as photon harvesting, morphology, charge carrier transport and collection. Various molecular arrangement engineering and interfacial engineering, such as annealing treatment, doping, interfacial buffer layer, different solvent treatment and electric field treatment methods, were carried out to control the molecular arrangement and morphology [39] [40] [41] [42] [43] [44] .
Morphology of blend film adjusted by post treatment
The active layers of polymer solar cells were needed to be treated to form donor/acceptor bicontinous interpenetrating network under different conditions, such as annealing treatment, electrical treatment as well as the solvent treatment. The annealing treatment is a very simple method, which places the substrate on a hot plate to accelerate dry of blend films. Both electron donor and acceptor molecules have an additional force to rearrange the film during the annealing treatment process. The molecular alignment could be adjusted during the volatilization of organic solvent from the active layer [45] [46] [47] . The effects of annealing treatment on the active layer or cell have been extensively carried out in order to improve the performance of PSCs, especially for the P3HT:PCBM system. The main contribution of annealing treatment could be concluded as the following points: (i) increase P3HT crystallization, which may affect its HOMO level and particularly the nature of thin film morphology near the film-air interface [47] ; (ii) enhance P3HT absorption intensity and range and improve interchain and intrachain orders of P3HT [48] ; (iii) reorganize and form a phase segregated 3D structure of donor and acceptor molecules enhancing the charge carrier transfer efficiency [49] ; and (iv) optimize interfacial contact between the metal electrode and the active layer resulting in the increase of FF. [41] . In 2005, Ma et al. [50] firstly reported that the PCE of OPVs based on P3HT:PCBM was enhanced to 5% by post annealing treatment at 150°C, which resulted from the pronounced improvement of J sc and FF. Recently, we reported the effect of annealing treatment on the morphology and PL intensity of P3HT:PC 60 Bm and P3HT:PC 70 BM by optical microscopy under room conditions and green light excitation conditions [28] . The images are shown in Figure 3 . There are some relatively large holes on the P3HT:PC 60 BM film surfaces compared with P3HT:PC 70 BM film surfaces, resulting in the larger surface roughness of P3HT:PC 60 BM film.
Lu et al. [51] also reported that different annealing treatment time on the performance of OPVs, the detailed parameters dependence on the annealing time are listed in Table 2 . The annealing treatment conditions have apparent effect on the performance of OPVs.
Lin et al. [46] reported the electric field-assisted selforganization of polymer:fullerene hybrids to improve the photovoltaic performance. The "as-casted" device exhibits photovoltaic performance with a J sc of 6.14 mA/cm 2 , V oc of 0.53 V, and FF of 46%, resulting in a PCE of 1.51% under AM 1.5 (100 mW/cm 2 ) illumination. The device prepared under the solvent-only annealing exhibits an improved performance with J sc of 8.23 mA/cm 2 , V oc of 0.57 V, and FF of 51%, resulting in a PCE of 2.37%. As the applied electric field is increased up to 6×10 3 V cm
1
, a systematic enhancement in photovoltaic performance can be observed, giving the best PCE of 4.1% with the values of J sc , V oc and FF respectively 11.60 mA/cm 2 , 0.59 V and 60%. A further increase in the electric field results in a decline of the photovoltaic performance of the devices. The electric field-assisted annealing method provides a new route to fabricate polymer solar cells at low temperatures. Ma et al. [52] reported the active layer morphology was modified by an external electric field during the solution process, which provided guidance for morphology engineering in organic materials for higher performance OPVs. The direction of the applied electric field could control the vertical phase separation of P3HT: PCBM layers. The treatment of the backward electric field also reduced the tendency for self-assembled PCBM clusters to form on the surface, as shown in Figure 4 . Inducing the electric field causes the polarity of the organic polymer materials to align in an ordered fashion so that the PCBM molecules will disperse and will not form cluster structures. It is interesting that the devices with horizontal electric field show the best performance compared to the devices with vertical electric field and the devices without electric field treatment [53] . Therefore, more systemic researches should be carried out to elucidate the effect of applied electric field on the performance of OPVs.
Interfacial engineering
For organic photovoltaic cells, the interfacial problem is a crucial issue on the interfacial band offset, carrier charge transport, collection and molecular arrangement on different films. Ideal buffer layers for OPVs should possess the following properties and satisfy multiple criteria: (i) not absorb incident solar illumination, (ii) have proper energy levels so as to inject or collect only a single charge carrier type, (iii) control the molecular arrangement to increase the photon harvesting, and (iv) increase the work function of ITO substrates. Cheng et al. [54] used CuI to control the molecular orientation of copper phthalocyanine (CuPc) and modify the anodes in organic solar cells based on CuPc/C 60 . By introducing a CuI buffer between indium tinoxide and CuPc, the PCE is significantly enhanced by a factor of 70%. Because of strong interactions between the CuI and CuPc, the stacking orientation of CuPc molecules is changed, resulting in a 65% increase in absorption coefficient, larger carrier mobility and a smoother film surface. The anode work function is raised by the formation of a dipole layer. Yook et al. [55] reported that hexaazatriphenylene-hexacarbonitrile (HAT-CN) can be used as a templating material that forces the CuPc donor molecule to assume a vertical-standing morphology when deposited onto its surface on ITO substrates. For a device with HAT-CN as the templating buffer layer, the FF and J sc of CuPc:C 60 OPVs were both significantly increased compared with cells lacking the HAT-CN template. This is explained by the reduction of the series resistance due to the improved crystallinity of CuPc grown on the ITO surface.
He et al. [21] have successfully demonstrated the simultaneous enhancement in the V oc , J sc and FF by simply incorporating a thin layer of alcohol/water-soluble polymer as the cathode interlayer, resulting in a PCE up to 6.79% and a certified 8.37% for PCDTBT and PTB7 devices, respectively. The effects of the interlayer on the improvement of device performance are shown to be threefold: (i) an enhanced built-in potential across the device due to the existence of interface dipole, (ii) improved charge-transport properties, elimination of the buildup of space charge, and (iii) reduced recombination loss due to the increase in built-in field and charge carrier mobility.
Brett's group [56] [57] [58] reported a series of landmark research works to fabricate nanostructured films by glancing angle deposition (GLAD). Using high surface area nanostructured films in OPV cells is an efficient route to enhanced PCE. The diagram of GLAD equipments and prepared nanostructured films are shown in Scheme 1 [56] . The GLAD is an established single step physical vapor-deposition technique to fabricate nanostructured thin films from a full range of organic semiconductor, and dielectric materials. The two key parameters of GLAD that describe the film growth conditions are the angle between incident vapor flux and the substrate normal and the substrate rotation, which influences the characteristic columnar structures that impart OPV cells with unique and useful properties.
Constructing the optimal BHJ at the nanoscale is challenging and various fabrication methods have been applied in pursuing this architecture. Many attempts rely on the natural segregation of polymer blends while others use co-deposition of materials, both of which permit the formation of isolated regions of material and charge trapping zones. Nevertheless the achievements made using these techniques are a significant improvement over the original Figure 4 The schematic representation of PCBM distributions treating with different direction electric fields. When treating with a backward electric field, the PCBM side chains are aligned upward and restrain the diffusion of PCBM molecules to the top surface. When treating with a forward electric field, it will have the opposite effect to the PCBM and still forms a cluster structure on the surface. Reprinted with permission from [52] . Copyright © 2012, Elsevier. bilayer cell. Applying these nanostructured C 60 prepared by glancing angle deposition into P3CBT as donor materials, the engineered nanomorphology yielded a 5-fold increase in J sc and a 4-fold increase in PCE compared with a planar cells with the same materials [57] .
Solvent and additive choice
Adopting solvent additive is one simple and efficient way to control the blend morphology and phase separation for high PCE, which involves the addition of a small fraction of high boiling point solvent into the blend of donor/acceptor dissolved in another host solvent. A few criteria have since been empirically proposed to simplify the selection of the appropriate solvent additives. First, the solvent additive should have a higher boiling point than that of the host solvent as it allows the additive molecules to stay longer in the blend to interact with the active BHJ components upon the evaporation of the host solvent during spin-coating. Second, the additive should have a preferential solubility with either one of the D/A molecules. The effective additives for the improvement of OPVs are listed in Table 3 [21, 24, [62] [63] [64] [65] [66] [67] [68] [69] . The different extents of the molecule aggregation can be correlated to the degree of intermolecular interactions between the additive molecules and the active materials, which depend on the solubility parameter and the boiling point of the solvents. The solubility parameter, which is often used to estimate the miscibility between organic solvents, is used to estimate the interaction strength. However, the duration of interaction is directly related to the boiling point [69] of the additive. Yao et al. [59] demonstrated that the high boiling point of the solvent additive is an important factor in their proposed post solvent removal mechanism, whereby the poor interaction between additive molecules and the active material components resulted in enhanced phase separation and hence the formation of an interpenetrating network in the blend film. The use of processing additives in the optimization of the photovoltaic performance has been demonstrated to be an effective method to improve the PCE of OPVs [3, 60, 61] . In the case of P3HT/PCBM blends, the processing additive appears to enhance the photo-responsivity in the blend films, increase the charge carrier mobility and increase the crystallinity of the P3HT phase. In the case of low bandgap polymer/PCBM blends, the enhancement in photovoltaic properties is attributed to the increased charge carrier generation efficiency as a result of the formation of a bi-continuous nano-morphology.
Stability and lifetime of OPVs
Apart from the efficiency of OPVs, the stability and lifetime of cells are also the key problems for the realization of mass production and application of OPVs. The stability of materials determines the lifetime and stability of OPVs under oxygen, humidity, temperature as well as light conditions. In 2011, the lifetime of polymer-based solar cell with encapsulation has arrived to about 7 years [16] . For an intrinsic lifetime of organic photovoltaic devices, materials and electrodes need to be stable even without any encapsulation. An alternative approach to make devices intrinsically more stable is to adopt an inverted configuration where ITO serves as the cathode and a high work function metal as the anode [70] . Performances of inverted devices are quite stable even without any encapsulation. Hau et al. [71] reported that the inverted device structure possessed much better stability under ambient conditions retaining over 80% of its original conversion efficiency after 40 d, while the conventional one showed a negligible photovoltaic activity after 4 d. Figure 5 shows the J-V characteristics of conventional and inverted configuration OPVs on the storage time. Lai et al. [72] synthesized a new C 60 derivative, [6, 6] -phenyl-C 61 -butyric acid 2-(2′,2″:5″,2′″-terthiophene-5′-yl)ethyl ester (PCBTTE), and blended it into the BHJ film. PCBTTE acting as a surfactant can reduce the contact resistance after undergoing chemical reactions with the Al atoms of the cathode and enhance the stability of polymer solar cells. That organic materials and metals used as the electrodes react with oxygen and water which are diffused from both electrodes and lateral of the device is believed as the major reason causing short lifetime of OPVs. The underlying reason for the degradation of OPVs should be investigated. Using time-of-flight secondary ion mass spectrometry, Krebs et al. [73] demonstrated that the oxygen was diffused into the Al electrode through Al grains and microscopic holes on the Al film. Once inside the devices, oxygen was continually diffused in the lateral and vertical plane until reaching the counter electrode. Another prominent degradation pathway was found to be the diffusion of electrode materials into the devices. The main degradation is due to the interfacial variation inside the cells. So the interfacial engineering is a key issue for the improvement of performance and stability of organic electronic devices.
Conclusions and outlook
Molecular engineering usually aims to achieve polymer with tunable HOMO and LUMO levels, which could improve the photon harvest and decrease the potential loss. Another important issue is to control the molecular alignment resulting in the better light absorption and charge carrier transport. Problems we should face in optimizing materials at single molecular level, small changes in a single molecule may result in large effect on the molecular electronic performance. Some novel characterization technologies should be developed for further understanding on single molecular property. OPVs have experienced a steady increase in PCE exceeding 9%. It is reasonable to argue that OPVs within the limited years will be able to challenge the polycrystalline silicon cells if this increase trend will be kept. It was shown by the company Konarka that encapsulated large area photovoltaic devices were able to show a high performance on a roof-top for almost 2 years. Mitsubishi Chemical has developed printable solar cells with a PCE of 9.2%. The OPVs will be a prime candidate for future low cost solar energy generation. 
